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1Chapter 1
Introduction
At a time when journal subscription costs continue to rise, and new complexities
have entered the picture like the availability of electronic publications, librarians are being
called upon to make increasingly difficult collection development decisions.  This is
especially true for libraries that serve a scientific discipline, due to the high utilization of
journals by this population.  To reduce subjectivity when making such decisions, librarians
may collect data about the use of their collection, the current usefulness of the collection
to patrons, or the availability of useful information in other local collections.
A technique that is often used for the evaluation of journal collections is citation
analysis.  Citation analysis can be used to determine from publications of a population of
users how well a library collection supports their scholarly research.  In this paper citation
analysis will be used to assess the ability of the journal collection of the Couch Biology
Library (Botany and Zoology sections) at the University of North Carolina at Chapel Hill
(UNC-CH) to support the research of the professors in the Biology Department.  The
publications of UNC-CH Biology Department faculty will be the basis for this study.
Library use by departmental graduate students, undergraduate biology majors, and
those not affiliated with the department or even the uni rsi y are not considered here.
However, one could conclude that publications by faculty are likely to follow relatively
closely the range of research being produced within the department, because advanced
2undergraduates and graduate students often work on projects with or under the
supervision of faculty advisors.  Other reasons for using the library, such as preparing to
teach a class, writing a class paper, or collecting demonstrations to use in an extra-
curricular science demonstration show are not represented here.
Before presenting details about how citation analysis has been used to evaluate the
support of scientific research for the Biology Department at UNC-CH, a review of the
literature is presented in Chapter 2.  Chapter 3 describes how the source items were
collected. The collection and analysis of journal references is described in Chapter 4 while
Chapter 5 compares the holdings of referenced journals in the UNC-CH Biology Library,
all of UNC-CH, and three other local universities.  Chapter 6 discusses possible
conclusions and searches for practical value in performing this kind of study.
3Chapter 2
A Review of Citation Analysis
History of Bibliometrics
The history of bibliometrics, of which citation analysis is a key method, began long
before the term was used to describe quantitative ways to measure recorded
communication patterns.  Osareh (1996) traces bibliometrics from the 1890’s, through its
terminology transition from statistical bibliography in 1923 to bibliometrics in 1969, also
being called librametry and scientometrics.  Various definitions of bibliometrics are
delineated, and its scope is explored thoroughly.
Bibliometric Research Areas
Diodato (1994) delineates three major areas in bibliometric research:  (1)
bibliometric laws or distributions, (2) citation analysis and (3) indicators of research
performance.  Stevens (1953) describes bibliometric studies as being made up of two areas
with a number of sub-areas.  The first area is the productivity count or descriptive area,
subdivided into (1) geographic areas, (2) time periods and (3) disciplines.  This would
include studies of the growth or decline of literature in a discipline.  The second area is the
literature usage count or evaluative area, which is subdivided into (1) reference and (2)
citation.  This realm revolves around the connection of previous ideas to current ideas in
the literature and is the realm in which this study resides.
4Citation Analysis Terminology
Before discussing citation analysis, one must define the word citation for clarity.
Sandison (1989) describes a citation as the representation of a decision made by an author
who wants to show the relation between the document he is writing and the work of
another.  Narin et al. (1976) attempts to distinguish the terms reference and citation,
which are often used interchangeably.  A reference is described as the confirmation that
one document gives to another, while the acknowledgement that one document r ceives
from another is a citation.  Based on Narin’s definition, it may be concluded that citation
analysis refers explicitly to study of the acknowledgement by one group of documents of
another group of documents (or otherwise citable items).
Advancement of Citation Analysis: Eugene Garfield and ISI
Osareh (1996), in describing the history of citation analysis, attributes its use
largely to citation indexes, which were pioneered by Eugene Garfield.  The three citation
indexes produced by the Institute for Scientific Information (ISI) were first published in
the 1960s.  First came Sci nce Citation Index in 1961, then Social Sciences Citation Index
in 1972, then in 1978 came the Arts and Humanities Citation Index.  Since 1997 these
three indexes have been available electronically via the World Wide Web and are
collectively known as Web of Science – a resource used extensively in this resarch project.
Journal Citation Reports (JCR) was introduced by ISI in 1973.  In this
publication, Garfield uses various citation measures to rank journals.  Impact factor is a
citation measure used in JCR to help correct for the size of journals, based on number of
5articles over a certain time period.  To find the impact factor one must take the number of
citations to the previous two years of a journal’s articles and divide that number by the
total number of articles published in that same time period.
The immediacy index, also used in JCR, is found by taking the number of citations
to articles that have been published by a journal in the current year and dividing it by the
total number of articles published in that year.  This measure was established in order to
attempt to find out how quickly articles which are published in particular journals have an
impact on scholars who read them.
Advantages and Disadvantages to Citation Analysis
Citation analysis has been written about extensively in the literature.  In his general
overview of citation analysis, Magrill (1989) states that its use is based on the assumption
that citation patterns reflect use patterns and that frequently cited items are likely to be
more valuable to a library collection than those that have been rarely or never cited.  She
also notes that an advantage of citation analysis is its ability to use data that are easily
categorized and that do not change while being observed, a view which seems to be
shared by Smith (1981) and Webb (1966).  They agree that citations are particularly
‘attractive subjects of study’ since they are ‘unobtrusive and readily available.’  In
addition, Todorov & Glanzel (1988) point out that librarians and information scientists are
among those who find journal citation analysis to be a practical, objective alternative to
personal judgment.
Alternately, Magrill notes one disadvantage to citation analysis is not knowing the
true meaning of bibliographical references to the authors who use them.   Osareh (1996)
6credits Eugene Garfield for identifying a number of reasons for citing documents.  These
include paying homage to forerunners, giving credit for work similar to one’s own,
providing context to your work, correcting or criticizing your previous work or the work
of others and  notifying of forthcoming documents.  The list extends far beyond the typical
idea that works are cited solely for their outstanding quality.
Brooks (1985) takes a step toward true citer motivations by analyzing the
motivational backgrounds for nearly a thousand citations.  As a part of the study,
theoretical models of citer motivations were examined to find the most significant of them.
Seven motivational scales, not necessarily mutually exclusive, were found to be most
significant.  These were: (1) currency scale, which dealt with showing how up-to-date the
author was, (2) negative credit, (3) operational information, to identify methods or
concepts used, (4) persuasiveness, to convince others of one’s correctness, (5) positive
credit, (6) reader alert and (7) social consensus, because an author wants to show
colleagues that he knows a document is held in high esteem.  Brooks found persuasiveness
to be to the most highly selected motivation both overall and in a humanities subset.  It
was very highly selected in the science subset as well, although currency and reader alert
tied for first in the science category.  Negative credit was rarely selected, and was ranked
last in the science subset.
Todorov & Glanzel describe a number of further concerns to those attempting
citation analysis.  They note that citation analysis between disciplines is impossible due to
variations in citation patterns that are known to exist between disciplines.  In addition,
Stankus & Rice (1982) warn against comparison even between subcategories of the same
subject field.  That given, Todorov & Glanzel also note that citations may be influenced by
7the titles which are readily available to the authors, or which are indexed in popular
databases.  Finally, the possibility is given that journal policies might influence the size of
reference lists if a long list could incur extra publication charges.
Faigel (1985) points out that use of citation analysis is a result not only of
increased computing abilities and availability of citation data, but also as a method for
deselection forced by increased production of new journals and higher subscription costs.
Although he considers citation analysis to be a straightforward technique, several
problems with it are discussed.  He notes that many current awareness journals are used
frequently yet not cited and that citation traditions and research patterns vary between
disciplines.  In addition it is noted that the variation in the number of articles different
journals publish may cause problems in data interpretation.
Approaches to Citation Analysis
Frame (1996) describes four general types of citation study: (1) bibliometric
studies to find which journals in a field are the most important to scholars in that
discipline, (2) citation counting to assess an author’s eminence, (3) studies to describe the
literature of a subject, and (4) use of citations as a direct way to evaluate a collection.  She
points to Bradford’s law of scattering as reasoning behind the first type of citation study:
most of the articles in a discipline are published in a small concentration of journals, with
the rest split between a large number of other journals.  The second type of citation study,
regarding an author’s eminence, is largely performed by academic institutions to measure
the value of research performed by its affiliates.  The purpose of describing a discipline’s
literature is described as being more for understanding of the discipline and less for
8evaluation of a library collection.  As a subset of the fourth type, Frame describes the use
of citations taken from works produced within the institution to show the library’s ability
to meet user need.  Frame concludes that citation analysis is one useful way to find
answers to elusive library questions.
Lockett (1989) lists two basic approaches to citation studies:  (1) published
citation studies based on use of the literature by many scholars, or (2) citation studies
conducted in a specific library based on use of the literature by the library’s patrons.  She
notes that such studies are particularly useful in collections where journals are important.
Articles by Von Seggern (1995) and Rolinson (1995) reaffirm the importance of journal
literature to scientists, and these statements taken together lead to the conclusion that
citation analysis might be particularly useful for a science library.
Use of Local Citation Data for Citation Analysis
An example of use of local citation data from among the many publications of
citation analysis studies is one by McCain &Bobick (1981).  They studied the faculty
publications, doctoral dissertations, and preliminary doctoral qualifying briefs of faculty
and students in the Biology Department of Temple University.  Particularly useful to them
was the capacity of this study to investigate the possibility of changing the cutoff dates of
journals which were housed in the Biology Library.  Prior to the study, the Biology
Library kept many titles back to 1945, storing only earlier volumes in the main library.  It
is noted by McCain & Bobick that by studying scholarly publications, one does not
necessarily find direct indicators of library use because many scholars have personal
9collections of books, articles and other materials which may be consulted instead of
finding those same items at the library.
A second study, by Walcott (1994), examines the patterns of citations in
dissertations and theses written in the previous four years by the Division of Biological
Sciences graduate students.  The study was useful in allowing librarians to know, with
some confidence, which serial titles were most often used by their graduate students,
broken down by specialties.  It also revealed the specialties for which the most recent
materials are most important.  W lcott states explicitly that no other method besides local
citation analysis would be likely to provide as much specific and reliable information.
There have been two recent Master’s papers by students in the School of
Information and Library Science at UNC-CH related closely to this topic.  Duvernay
(1996) compares bibliography checking and citation reference checking for a subject area
in the Biology Library at UNC-CH.  rotteau (1991) analyzes citations to journal articles
in publications of the faculty of the Department of Biology at UNC-CH.
As Metz (1992) describes, statistics may be used to ease the minds of
bibliographers when deselecting journals.  Although the purpose of the study was not to
be an aid in deselection, it could be a possible application of results, if only to elucidate
those middle-ranked journals that might require more study before deselection.
Mosher (1979) notes that when conducting evaluations, “it is important to identify
the questions to be answered by the evaluation or analysis (p. 23).” I ask “Does this (UNC
Biology Department) library (or do nearby accessible libraries) contain material for which
there is a high degree of probability its patrons will need and want to consult? (p. 32).”
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Chapter 3
Collection of Source Items
As described previously, the Biology Department at the University of North
Carolina at Chapel Hill is the focus of this study.  Cro teau had examined the Biology
Department in a 1991 Master’s paper for the MS in LS degree from UNC-CH.  The
selection of the Biology Department provided the possibility for comparison of results of
this study with Crouteau’s results.  Also, it seemed likely that my previous employment at
the Couch Biology Library, Botany Section and at the Couch Biology Library, Zoology
Section would provide a level of familiarity with journal titles and other library materials
which would be lacking at other libraries that might have been included in the study.  The
availability of lists of faculty publications in each Annu l Report was a key factor in
choosing the Biology Department.  A more subjective reason was a sense of connection I
felt as a result of being an undergraduate student in the Department and serving the
members of the Department for a number of years at the Couch Biology Library.
Before collection of source items could begin it was necessary to decide which
publications would be included.  The possibility of studying citations in all publications of
the Department over a discrete time range was considered.  This would have included
doctoral dissertations, master’s papers and honors theses in addition to articles, chapters,
books and any other publications of faculty, staff or students in the Department.
To provide a more manageable number of publications only faculty publications
were included in the study. Among these publications it was decided to include books,
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book chapters and journal articles authored by faculty.  Books edited by faculty were
excluded, however, any chapters within those books that had been contributed by faculty
were included.  Also excluded were abstracts, book reviews, editorials, prefaces to books
and any publications by students under the direction of a faculty member.  Except for
those student works, these types of publications would be unlikely to include references,
or to be based on faculty research.  For any duplicates, which might appear due to faculty
collaboration, it was decided to only include the first occurrence of the publication.  Any
subsequent appearances were excluded.
Faculty, for the purposes of this study, is defined as those listed as “faculty” in the
Biology Department’s Annual Report as either professors, associate professors, assistant
professors, professors emeritus, lecturers or research professors.
The next decision was to determine the time range of the source items.  Since
some faculty members publish very frequently, and others may not publish at all in a given
year, concentrating on a single year could have presented misleading or unbalanced results
about faculty needs.  Alternatively, if too many years were included, areas of faculty
interest might have shifted enough so that any results would answer less definitively any
questions about current faculty needs.  Thus, too many of their previous needs would be
intertwined with current needs.
Despite possible problems that might be involved, time restraints required that
faculty publications for only one fiscal year be part of the study.  The most recent Annual
Report available, July 1996 to June 1997, had been submitted on June 11, 1997.  The
numbers of source documents provided by the Annual Report appear in Table 1.
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Eighty-five percent (164) of the usable source items were journal articles, with
book chapters representing 13% (24) and books representing only 2% (4).  Among the
publications that were not usable for the purposes of this study, abstracts and book
reviews were the top two classifications. Thirty-nine publications could not be found for
use in the study.  Twenty-four of those were labeled ‘in press’ in the Annual Report and
fifteen could not be found for unknown reasons.  Books I  Print and various subject
indexes were consulted in attempts to identify these items, to no avail.
Table 1:
Source Documents
Numbers of Publications Used in Study:
Journal Articles 164
Book Chapters 24
Books 4
Subtotal: 192
Numbers of Publications Not Used in Study:
Abstracts 37
In Press 24
Not Found 15
Book Reviews 11
Student Work 8
Duplicates 7
Edited Books 3
Journal Articles (no references) 2
Edited Book 1
Preface 1
Subtotal: 109
Total Faculty Publications: 301
Figure 1 shows relative percentages of the total faculty publications that were usable.
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Table 2 shows, by faculty rank, the number of publications as listed in the 1996-97
UNC-CH Biology Department’s Annual Report, as well as numbers of publications used
in this study.  The total number of publications used (as shown in Table 2) is four larg r
(196) than the actual number used due to the presence of duplicates in the author count.
Table 2:
Number of Publications, by Faculty Rank
Faculty Rank Annual Report This Study
Professors 200 126
Associate Professors 82 55
Assistant Professors 7 7
Lecturers 5 2
Research Professors 4 3
Professors Emeritus 3 3
Total Publications: 301 *196
*Includes 4 duplicates not actually used in study.
Figure 2 shows a graphical breakdown of the number of source items by faculty
rank.
Figure 1:  Source Items Used, as a Proportion of Total 
Publications Listed in 1996-97 Annual Report
Unusable
23%
Not Found
13%
Used
64%
Unusable
Not Found
Used
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Figure 2: Number of Source Items, by Faculty Rank
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Chapter 4
Collection and Analysis of Journal References
After collecting and setting up a tracking system for source items, the next step
was to obtain lists of citations for those publications.  The first place searched was Web of
Science, which includes the World Wide Web version of ISI’s Science Citation Index.
This database indexes many science publications and provides a list of the cited references
that were made by the authors in those publications.  Publications categorized as accepted
works in the Annual Report were searched as if published, because nearly a year had
passed since the report had been issued.  Of the 192 publications used in this study, 77%
were indexed in Web of Science, which meant the cited references for those publications
were accessible through the database.  The UNC-CH online catalog was searched in order
to locate print copies of remaining publications so that cited references might be obtained.
Those not found at UNC-CH were requested through interlibrary loan (ILL).  Thirty-nine
publications (20%) of the publications used, could not be located or did not arrive through
ILL by the date established as a deadline for this study.  A summary of citation
information, broken down by faculty rank, appears in Table 3.
The number of references gives some indication of the distribution of citing activity
in the Biology Department.  The number listed in the Professors category is schewed due
to the presence 1241 references used for one book.  Excluding that item results in the
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numbers of references ranging from 1 to 212 for professors.  The Total References/Total
Publications column gives an estimation of numbers of references per item.
Table 3:
Number of References Made, by Faculty Rank
        Faculty References Publications Total References/
        Rank Used Total Publications
Professors 7693 126 61
        Associate Professors 2551 55 46
Assistant Professors 643 7 91
        Professors Emeritus 169 3 56
        Lecturers 118 2 59
        Research Professors 87 3 29
Totals:* 192 10766 n/a
        *Excludes 4 duplicates not actually used in study.
The total number of citations found for faculty publications used in this study was
10,766 (Table 3).  Given the size of the population, a decision was made to limit the study
to one out of ten citations selected randomly.   Logistics made it seem more feasible,
however, to study every tenth citation.
Because citations were collected from different sources, variations in cited journal
title abbreviations made it necessary to confirm full titles.  Serial Sources for the BIOSIS
Previews Database was used to confirm titles, and ISSNs were recorded to uniquely
identify each full title.  In several cases journal titles were not definitive.  Appropriate
indexes were used to verify the full titles.  These included MEDLINE, Web of Science,
BIOSIS and Carl Uncover.  If a publication’s title could not be verified, it was excluded
from the journal title list.
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Once a complete list of titles was compiled, a count was made of the numbers of
citations for each full journal title.  The Appendix is a complete ranked list of journal titles
cited by Biology Department faculty.  The top 20 titles are presented in Table 4.  For the
purposes of this study, each citation was considered to constitute one use of that journal.
Self-citations were given the same consideration as the other citations.
Table 4:
Top 20 Journal Titles Cited by UNC Biology Department Faculty, 1996-97
Rank Citations Journal Title
   
1 52 Proceedings of the National Academy of Sciences of the United
States of America
2 48 Science
3 41 Cell
4 39 Journal of Cell Biology
5 31 Molecular and Cellular Biology
5 31 Nature
7 26 Journal of Biological Chemistry
8 23 Ecology
9 22 EMBO Journal
10 21 Plant Cell
11 17 Biochemistry
12 12 Oecologia
13 11 Gene
13 11 Journal of Molecular Biology
15 10 American Naturalist
15 10 Animal Behavior
15 10 Annual Review of Ecology and Systematics
15 10 Genes & Development
15 10 Nucleic Acids Research
15 10 Plant Physiology
     
Because this study focused on journal holdings, cited books and book chapters
were excluded.  The presence of a title in Serial Sources for the BIOSIS Previews
Database was sufficient for inclusion as a journal in this study.  Otherwise, a serial
categorization in WorldCat, presence or absence of an ISSN, appearance in Ulrich’s, and
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treatment of the title by area library catalogs were all factors in deciding whether to
categorize a title as a journal.  Additional factors were the classification in other indexes as
a journal as well as the presence of chronological numbering (volume, issue, and year).
The inclusion of ISSNs in the completed journal list was a preventive step taken in
anticipation of possible problems that might have occurred in finding accurate holdings
information in the library catalogs to be searched.  Since ISSNs often remain the same
when a journal changes title, and since they are likely to be included in the MARC record
regardless of the interpretation of the title proper, searching by ISSN was an additional
way to get to holdings information.
Once journal titles and ISSNs were confirmed, the online public access catalogs
(OPACs) of the four Triangle Research Libraries Network (TRLN) universities were
searched for holdings information.  The schools making up the TRLN are the University
of North Carolina at Chapel Hill, Duke University, North Carolina State University (NC
State) and North Carolina Central University (NC Central).  In searching the OPACs, a
journal title was searched first by most recent ISSN, then any previous ISSNs were used,
and finally journal title.
From the UNC-CH catalog data was collected in reference to the UNC-CH
biology libraries, indicating whether one of the biology libraries had any holdings for a
journal title, and if so whether there was a current (active) subscription.  The same data
was collected for UNC-CH campus-wide, and also campus-wide for each of the other 3
TRLN universities.  A current subscription indicated not only that the item might be
found, but also that the owning institution had committed to having the publication at least
through the end of the year, if not longer.  For universities which had past journal holdings
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but not a current subscription, there seemed to be less of a likelihood that the cited
publication might be found.
The catalog records almost always clearly stated whether the journal was currently
received.  On those occasions when a current subscription was not clearly indicated, the
record was examined closely to make that determination.  If a system allowed, serial
check-in records were also examined for such titles.
It should be noted that some OPAC records for NC Central appeared to be
incomplete.  UNC-CH, NC State and Duke are Research Level I universities and as such
would be expected to have more of the publications.   A number of NC Central journal
records indicated no holdings, while others did.  For the purposes of this study, OPAC
records were accepted as presented.  It was suspected that either there was an accuracy
problem with those journal records or that NC Central had withdrawn the journals but left
the records in the catalog.
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Chapter 5
Results
The library catalogs for UNC-CH, Duke, NC State and NC Central were each
searched for the 288 journals that had been cited by biology faculty.   Only 33 titles (11%)
of the journal titles in the sample were currently received by all four universities.  These
account for 206 citations (22%) of the 934 citations in the citation sample.  However, 166
of the journals (58%) were currently received by 3 of the 4 universities, accounting for
621 citations (67%).  Taken together at least 3 of the 4 TRLN universities had current
subscriptions to 69% (199) of the journals cited, accounting for 89% (827) of the citations
studied.  Additionally, 83% (239) of the journals were currently subscribed
to at two or more of the universities.  At least one TRLN university (which varied from
Figure 3: Number of TRLN Universities That Had 
Current Subscriptions to Journals Cited by UNC-CH 
Biology Faculty
All 4 
11%
3 out of 4
58%
2 out of 4
14%
1 out of 4
8%
None
9%
All 4 
3 out of 4
2 out of 4
1 out of 4
None
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title to title) had current holdings for 91% (262) of the titles.  For the remaining 9% (26)
of the journal titles, there was no current subscription among the TRLN libraries.  This
accounts for 27 (3%) of the citations.  Figure 3 provides a breakdown of the number of
TRLN universities with current subscriptions to journals in this study.
Table 5 reports the number of journals studied that were currently received at each
university at the time of the study, as well as for at least one of the two sections of the
UNC-CH Biology Library.  Although current subscriptions were found in the Biology
Library for only 170 (59%) of the journals studied, there was a current subscription in a
UNC-CH library for 245 (85%) of the journals.  This was a higher percentage than for any
other TRLN university.  Two (.7%) of the journals found at UNC-CH had current
subscriptions located only at the UNC Institute of Marine Sciences Library in Morehead
City, NC, about 100 miles from Chapel Hill.  These two titles comprised only two (.2%)
citations in this study.  It is interesting to note that of all the titles studied only one,
Biochemical Journal at Duke University, had a current subscription available only in
electronic form.  All other electronic subscriptions found at any of the universities also had
corresponding print subscriptions.  It should be noted that 83% (772) of the citations
Table 5:
Number of Journals in the Sample Currently Received,
by Location
Current Titles Location Percent of Journals Studied
UNC-CH 245 85
Duke 241 84
NC State 216 75
UNC-CH Biology 170 59
NC Central 33 11
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could have been found among the UNC-CH Biology Library current journal subscriptions.
It has been shown that 91% of the journals had current subscriptions that could be
found in the Research Triangle region of North Carolina.  UNC-CH had subscriptions to
more of those titles that any of the other three universities.  However, current
subscriptions alone do not give a complete picture of local journal holdings.  Many journal
titles had been cancelled relatively recently.  Even titles cancelled by area libraries a
number of years ago may have had significant holdings for past years that were available
for use by scientists if needed.  Although scientists would be expected to cite current
articles more often than past articles, science builds upon past science, and articles
published prior to the current year are likely to be cited regularly.
Table 6 shows that the number of journals held at the locations examined were
higher than the number of current subscriptions for those locations (Table 5).  This was
expected, due to subscription cancellations.  Once again, UNC-CH had the highest
number of journal titles, although Duke trailed by but a single title.  NC State ranked third
with 16.  NC Central held 47 of the titles, based on what could be determined from its
OPAC records. 
In order to get an idea of how often biology faculty at UNC-CH might have been
required to seek documents from another TRLN university to write the works they
produced, an examination was made of the journals not held at UNC-CH but held at one
of the other universities.  Based on the information shown in Table 7, it would have been
possible for faculty to have obtained documents from Duke for ten of the journals cited
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Table 6:
Number of Journals in the Sample
Held by TRLN Libraries
Number Percent Number Percent
       Location Of Journals Of Journals Of Citations Of Citations
UNC-CH 270 94 915 98
Duke 269 93 914 97
NC State 254 88 894 96
UNC-CH Biology 187 65 795 85
NC Central 47 16 237 25
     
but not held at UNC-CH.  Those ten journals account for 11 of the citations in the sample.
From NC State, it would have been possible to obtain documents for seven of the journals,
accounting for eight of the citations sampled.  None of the journals could have been found
at NC Central that were not held at UNC-CH.  Additionally, of the journals studied, seven
were unique to UNC-CH.  Of the other universities seven were unique to Duke, and four
were unique to NC State.  None were unique to NC Central. Taken together these
accounted for less than 2% of the citations studied; not a
tremendous amount, but enough to be noticed.
Table 7:
Journals Not Held at UNC-CH
But Held at Other TRLN Universities
        Number Percent Number Percent
Location Of Titles Of Title Of Citations Of Citations
Duke 10 3 11 1
NC State 7 2 8 1
NC Central 0 0 0 0
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What does it say about UNC-CH that it held the most journal titles cited by its
biology faculty?  Does it mean that UNC-CH has the best collection?  Does it mean that
UNC-CH has the collection most suited for the biology faculty that use the collection?
Could it mean that the items selected to cite are chosen because of their local availability?
These are interesting questions.
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Chapter 6
Discussion
Citation analysis, as a technique for the evaluation of journal collections, is not
only widely used but also appreciated for its reliance on easily obtainable and relatively
static data.  It has been argued by Walcott (1994) that use of local data in citation analysis
provides more specific and reliable data than other types of citation studies.  It was
attempted in this study to use local citation data to indicate whether the Couch Biology
Library was supporting the research needs of Biology Department faculty at the University
of North Carolina at Chapel Hill.  The data here indicate that the Couch Biology Library
provides access to 59-65% of the journals cited, while the libraries on the UNC-CH
campus provide access to 85-94% of the journals.  Results showed that 98% of the
citations could be found in journals held at UNC-CH in 1998.   (Although methodologies
differ, and results cannot be directly compared, it is interesting that Crotteau found in
1991 that 95% of journal references studied could be found at UNC-CH).
Since this study did not survey Biology Department faculty about where cited items
were found, it cannot be known whether faculty used journals belonging to UNC-CH
libraries.  All that can be known is that for the 6% of journals with no holdings at UNC-
CH (and for some percentage of the 15% without current subscriptions at UNC-CH),
faculty had to obtain them from somewhere else.  It would have been quite troubling if
only journals accessible at UNC-CH had been cited.  With the increase of electronic
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indexes and greater ease of information distribution through means such as the World
Wide Web and e-mail, it would be extremely hard to believe that all appropriate materials
for any professor’s research could be completely restricted to one institution.  Budgetary
restrictions, space restrictions, and rarity of desired items are but three of the reasons that
universities cannot possibly obtain every needed or relevant resource.
This study attempted to indicate, for a single portion of the library user base,
whether the journal holdings of one departmental library were capable of meeting their
research needs.  To examine whether all the needs of that portion of the patron base could
be met by library holdings would take a good deal more time and research.  To examine
this for the total possible patron base would indeed be impossible, and would likely be
unwanted.  At a public university such as UNC-CH, the patron base can extend out almost
infinitely.
In order to see a more complete picture of even one portion of the patron base, it
is likely that multiple means should be incorporated.  Results from this study, taken with a
journal use study and possibly even a user survey would be likely to be much more reliable
than this study alone.  The Couch Biology Library at UNC-CH does collect journal use
data on a continual basis.  It would have been interesting to statistically compare results of
this study with the results from the Couch Biology Library journal use study for the year
previous to the Annual Report used here.  Perhaps if this study is replicated in the future,
such a comparison will be possible.
One other future study might be to examine the ages of citations in order to more
efficiently store older volumes of journal titles.  It would be interesting as well to examine
citations from other scholarly users of the library.  This would allow comparison of the
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publications cited by faculty, masters and doctoral students as well as undergraduates.
Also, it would allow examination of the percentages of local holdings cited for each group.
Perhaps a smaller department might allow such a study in a more reasonable amount of
time.
Although this study indicates that UNC-CH does a very good job of supporting its
biology faculty, one final note is in order.  Campus libraries have been forced to
strategically deselect journal subscriptions based on the holdings of other campus libraries.
With the advent of electronic journals, one suspects that campus libraries such as those
found at UNC-CH will work together even more than in the past to provide for their
patrons at least one print subscription, but also a campus-wide electronic subscription.
This desktop availability could prove especially valuable for journals with a more
interdisciplinary reader population.  Not only might it be invaluable to patrons for
accessibility, but also it would likely allow for collection of user statistics that would
enhance data collected in citation analysis such as the one found here.  It would be an
additional way to ensure that libraries continue to provide what its users need.
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Appendix:  Journals Ranked on the Basis of Times Cited By UNC-CH Biology
Faculty, and Percentage of the Four TRLN Institutions That Had Current Print
Subscriptions
Rank Citations Journal Title %
TRLN
1 52 Proceedings of the National Academy of Sciences of
the United States of America
75%
2 48 Science (Washington D C) 75%
3 41 Cell 75%
4 39 Journal of Cell Biology 100%
5 31 Molecular and Cellular Biology 75%
5 31 Nature (London) 75%
7 26 Journal of Biological Chemistry 100%
8 23 Ecology (Washington D C) 100%
9 22 EMBO Journal 75%
10 21 Plant Cell 75%
11 17 Biochemistry 100%
12 12 Oecologia (Berlin) 75%
13 11 Gene (Amsterdam) 75%
13 11 Journal of Molecular Biology 100%
15 10 American Naturalist 100%
15 10 Animal Behavior 75%
15 10 Annual Review of Ecology and Systematics 75%
15 10 Genes & Development 75%
15 10 Nucleic Acids Research 75%
15 10 Plant Physiology (Rockville) 75%
21 9 Auk 75%
21 9 Developmental Biology 100%
21 9 Journal of Experimental Marine Biology and Ecology75%
21 9 Marine Ecology Progress Series 75%
25 8 Genetics 75%
25 8 Journal of Bacteriology 100%
27 7 American Journal of Botany 100%
27 7 Development (Cambridge) 75%
27 7 Ecological Monographs 100%
27 7 Plant Journal 75%
31 5 American Museum Novitates 75%
31 5 Biochemical Journal 50%
31 5 Canadian Journal of Research Section C Botanical
Sciences (2)  See from:  Canadian Journal of Botany
100%
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Rank Citations Journal Title %
TRLN
31 5 Methods in Enzymology 50%
31 5 Molecular Biology of the Cell 75%
36 4 American Midland Naturalist 100%
36 4 Bioessays 75%
36 4 Biological Bulletin (Woods Hole) 100%
36 4 Blood 75%
36 4 Bulletin of Marine Science 100%
36 4 Conservation Biology 75%
36 4 Contributions in Science (Los Angeles, Calif.) 25%
36 4 Coral Reefs 75%
36 4 Current Biology 75%
36 4 European Journal of Biochemistry 75%
36 4 International Review of Cytology 100%
36 4 Journal of Experimental Medicine 75%
36 4 Journal of Verterbrate Paleontology 75%
36 4 Marine Biology (Berlin) 75%
36 4 Molecular & General Genetics 75%
36 4 Molecular Plant-Microbe Interactions 75%
36 4 Oncogene 75%
36 4 Philosophical Transactions of the Royal Society of
London B Biological Sciences
75%
36 4 Quarterly Review of Biology 75%
55 3 Analytical Biochemistry 75%
55 3 Annals of Botany 75%
55 3 Applied and Environmental Microbiology 100%
55 3 Biotechniques 75%
55 3 Botanica Acta 75%
55 3 Canadian Journal of Fisheries and Aquatic Sciences
(2) See from:  Journal of the Fisheries Research
Board of Canada
75%
55 3 Copeia 75%
55 3 Evolution 100%
55 3 Insect Biochemistry and Molecular Biology (1) See
from:  Insect Biochemistry
75%
55 3 Journal of Cell Science 100%
55 3 Journal of Experimental Biology 75%
55 3 Journal of Phycology 75%
55 3 Methods in Cell Biology 75%
55 3 Molecular Micrbiology 75%
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Rank Citations Journal Title %
TRLN
55 3 Plant Cell and Environment 75%
55 3 RNA (New York) 75%
55 3 Trends in Ecology & Evolution 75%
55 3 Trends in Genetics 75%
73 2 American Scientist 100%
73 2 Academie des Sciences, Comptes Rendus 0%
73 2 Aliso 50%
73 2 Anais da Academia Brasileira de Ciancias 25%
73 2 Annual Review of Cell Biology 75%
73 2 Biological Journal of the Linnean Society 75%
73 2 Bulletin of the American Museum of Natural History50%
73 2 Bulletin of the Florida State Museum Biological
Sciences
50%
73 2 Canadian Journal of Earth Sciences 75%
73 2 Castanea 75%
73 2 Cell Motility and the Cytoskeleton 75%
73 2 Condor 75%
73 2 Current Genetics 75%
73 2 Current Opinion in Cell Biology 75%
73 2 Developmental Genetics 75%
73 2 Ethology (Berlin, Germany) (1) See from:
Zeitschrift fuer Tierpsychologie
75%
73 2 European Journal of Cell Biology 75%
73 2 Experientia (Basel) 75%
73 2 Herpetologica 75%
73 2 International Journal of Plant Sciences (1)  See
from:  Botanical Gazette
100%
73 2 Journal of Cellular Biochemistry 75%
73 2 Journal of General Microbiology 100%
73 2 Journal of Immunological Methods 75%
73 2 Journal of Insect Physiology 75%
73 2 Journal of Zoology (1) See also: Proceedings of the
Zoological Society of London
100%
73 2 Landscape Ecology 75%
73 2 Microbiological Reviews 75%
73 2 Nature Biotechnology 75%
73 2 Nature Genetics 75%
73 2 Ophelia 75%
73 2 Paleontological Journal 50%
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Rank Citations Journal Title %
TRLN
73 2 Planta (Heidelberg) 75%
73 2 Proceedings International Ornithological Conference25%
73 2 Seminars in Cell Biology (1) See also:  Seminars in
Developmental Biology
75%
73 2 Trends in Biochemical Sciences 75%
73 2 Trends in Cell Biology 75%
73 2 Vegetatio 75%
73 2 Yeast 75%
111 1 Acta Palaeontologica Polonica 0%
111 1 Acta Phytotaxonomica Sinica 25%
111 1 Advances in Genetics 100%
111 1 Advances in Immunology 75%
111 1 Alcheringa 50%
111 1 Ambio 75%
111 1 American Journal of Physiology 100%
111 1 American Zoologist 100%
111 1 Anales del Instituto Botanico A.J. Cavanilles 25%
111 1 Annalen des Naturhistorischen Museums in Wie 50%
111 1 Annales de Biologie Clinique 0%
111 1 Annales des Sciences Naturelles Botanique et
Biologique Vegetale
0%
111 1 Annales Historico-Naturales Musei Nationalis
Hungarici
25%
111 1 Annales Zoologici Fennici 50%
111 1 Annals of Applied Biology 50%
111 1 Annals of the Missouri Botanical Garden 50%
111 1 Annual Review of Biochemistry 100%
111 1 Annual Review of Biophysics and Biomolecular
Structure
75%
111 1 Annual Review of Entomology 75%
111 1 Annual Review of Genetics 100%
111 1 Annual Review of Nutrition 50%
111 1 Annual Review of Plant Physiology and Plant
Molecular Biology
75%
111 1 Archives of Biochemistry and Biophysics 75%
111 1 Archives of Insect Biochemistry  and Physiology50%
111 1 Australian Journal of Ecology 75%
111 1 Australian Systematic Botany 50%
111 1 Behavior Genetics 75%
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Rank Citations Journal Title %
TRLN
111 1 Behavioral Ecology 75%
111 1 Behavioral Ecology and Sociobiology 75%
111 1 Behaviour 75%
111 1 Biochemical and Biophysical Research
Communications
75%
111 1 Biochimica et Biophysica Acta 50%
111 1 Biologisches Zentralblatt 50%
111 1 Bioscience 100%
111 1 Botanica Marina 75%
111 1 British Columbia Historical Quarterly 0%
111 1 British Phycological Journal 50%
111 1 Brittonia 75%
111 1 Bulletin of the Auckland Institute and Museum 0%
111 1 Bulletin of the British Museum (Natural History)
Geology
50%
111 1 Bulletin of the British Museum (Natural History)
Zoology
75%
111 1 Bulletin of the Field Museum of Natural History 0%
111 1 Bulletin of the Torrey Botanical Club 75%
111 1 Butler University Botanical Studies 0%
111 1 Canadian Journal of Forest Research 75%
111 1 Canadian Journal of Microbiology 75%
111 1 Cancer Research 75%
111 1 Cardiovascular Research 75%
111 1 Cell & Tissue Research 50%
111 1 Cell Growth & Differentiation 75%
111 1 Chinese Journal of Botany 25%
111 1 Climate Dynamics 25%
111 1 Clinical Neurology and Neurosurgery 0%
111 1 Cold Spring Harbor Symposia on Quantitative Biology75%
111 1 Colloques Phytosociologiques 25%
111 1 Courier Forschungsinstitut Seckenberg 25%
111 1 Crop Science 75%
111 1 Current Opinion in Biotechnology 75%
111 1 Current Opinion in Genetics & Development 75%
111 1 Current Topics in Microbiology and Immunology25%
111 1 Development Growth & Differentiation 50%
111 1 DNA and Cell Biology 75%
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Rank Citations Journal Title %
TRLN
111 1 Documents des Laboratoires de G ologie de la F culte
des Sciences de Lyon
0%
111 1 Dominion Museum Bulletin 0%
111 1 Ecological Applications 75%
111 1 Endangered Species Update 75%
111 1 Environmental Management 75%
111 1 Enzymes 0%
111 1 Ethology and Sociobiology 75%
111 1 European Journal of Immunology 75%
111 1 Evolutionary Ecology 75%
111 1 Evolutionary Theory 75%
111 1 Experimental Cell Research 100%
111 1 Experimental Mycology 75%
111 1 FEBS Letters 75%
111 1 FEMS Microbiology Letters 50%
111 1 Fieldiana Zoology 50%
111 1 Flora. Morphologie, Geobotanik, Oekophysiologie 50%
111 1 Geology (Boulder) 75%
111 1 GortaniaAtti del Museo Friulano di Storia Naturale 0%
111 1 Growth 75%
111 1 Heredity 100%
111 1 Human Molecular Genetics 75%
111 1 Immunology Letters 25%
111 1 Immunology Today 75%
111 1 International Journal of Cancer 50%
111 1 Journal fuer Ornithologie 75%
111 1 Journal of Animal Ecology 100%
111 1 Journal of Biochemistry (Tokyo) 75%
111 1 Journal of Biogeography 75%
111 1 Journal of Chemical Ecology 75%
111 1 Journal of Comparative Physiology (split into A, B)75%
111 1 Journal of Ecology 75%
111 1 Journal of Experimental Botany 75%
111 1 Journal of Experimental Zoology 75%
111 1 Journal of Heredity 100%
111 1 Journal of Immunology 75%
111 1 Journal of Liquid Chromatography 75%
111 1 Journal of Molecular Evolution 75%
111 1 Journal of Morphology 75%
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Rank Citations Journal Title %
TRLN
111 1 Journal of Neurosurgery 75%
111 1 Journal of Steroid Biochemistry 75%
111 1 Journal of the Indian Botanical Society 25%
111 1 Journal of the National Cancer Institute (Beth sda) 75%
111 1 Journal of Theoretical Biology 100%
111 1 Journal of Vegetation Science 75%
111 1 Journal of Virology 75%
111 1 Kansas City Review of Science and Industry 0%
111 1 Kungl. Fysiografiska Sallskapet i Lund. 0%
111 1 Limnology and Oceanography 75%
111 1 Living Bird 50%
111 1 Living Wilderness 25%
111 1 Malacologia 75%
111 1 Marine Environmental Research 75%
111 1 Mechanisms of Development 75%
111 1 Memoir (Society of Vertebrate Paleontology) 0%
111 1 Memoires de la Societe Geologique de France 0%
111 1 Meteorologische Z itschrift 25%
111 1 Miscellaneous Publications Museum of Zoology
University of Michigan
25%
111 1 Molecular Biology and Evolution 75%
111 1 National Geographic 75%
111 1 Natural Areas Journal 50%
111 1 Natural History 75%
111 1 Natural Product Reports 75%
111 1 Netherlands Journal of Sea Research 25%
111 1 Neurology 75%
111 1 Neurosurgery (Baltimore) 50%
111 1 New Phytologist 75%
111 1 New Zealand Journal of Ecology 25%
111 1 Nordic Journal of Botany 75%
111 1 Notes et Memoires du Service Geologique (Rabat) 0%
111 1 Nova Hedwigia 75%
111 1 Oceanography 25%
111 1 Oceanography and Marine Biology an Annual Review50%
111 1 Ohio Journal of Science 50%
111 1 Ornithological Monographs 50%
111 1 Ostrich 25%
111 1 Oxford Surveys in Evolutionary Biology 75%
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Rank Citations Journal Title %
TRLN
111 1 Pacific Science 50%
111 1 Palaeontographica Americana 50%
111 1 Paleobiology 75%
111 1 Peabody Museum of Natural History Yale University
Bulletin
25%
111 1 Phycologia 50%
111 1 Physiological and Molecular Plant Pathology 75%
111 1 Physis (Buenos Aires ) 0%
111 1 Phytopathology 75%
111 1 Plant Cell Reports 75%
111 1 Plant Molecular Biology 75%
111 1 Proceedings National Shellfisheries Association 50%
111 1 Proceedings of the Academy of Natural Sciences of
Philadelphia
75%
111 1 Proceedings of the Royal Society of London, Series B,
Biological Sciences
75%
111 1 Progress in Brain Research 25%
111 1 Progress in Nucleic Acid Research 75%
111 1 Protein Science 75%
111 1 Protoplasma 75%
111 1 Publications of the University of California at Los
Angeles in biological sciences
0%
111 1 Records of the Dominion Museum 0%
111 1 Restoration Ecology 75%
111 1 Rickia 25%
111 1 Scientific American 75%
111 1 Scripta Geologica 0%
111 1 Seminars in Cancer Biology 50%
111 1 Smithsonian Contributions to Pale biology 50%
111 1 Symposia of the Zoological Society of London 50%
111 1 Tetrahedron Letters 75%
111 1 Theoretical and Applied Genetics 75%
111 1 Thrombosis Research 50%
111 1 Trees (Berlin) 75%
111 1 Trends in Biotechnology 75%
111 1 Trudy Paleontologicheskogo Instituta Akademiya Nauk
SSSR
0%
111 1 Veliger 75%
111 1 Vertebrata Palasiatica 0%
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Rank Citations Journal Title %
TRLN
111 1 Virology 75%
111 1 Vitis 0%
111 1 Wildlife Research 50%
111 1 Zeitschrift uer Zoologische Systematik und
Evolutionsforschung
75%
111 1 Zitteliana 50%
111 1 Zoological Institute of the Academy of Sciences of the
U.S.S.R. New Series
0%
No rank Botanical Gazette (1) See: International Journal of Plant
Sciences (ranked 73)
No rank Canadian Journal of Botany (3) See:  Canadian Journal
of Research Section C Botanical Sciences (ranked 31)
No rank Insect Biochemistry (2) See:  Insect Biochemistry and
Molecular Biology (ranked 55)
No rank Journal of the Fisheries Research Board of Canada (1)
See:  Canadian Journal of Fisheries and Aquatic
Sciences (ranked 55)
No rank Proceedings of the Zoological Society of London (1)
See also:  Journal of Zoology (ranked 73)
No rank Seminars in Developmental Biology (1) See also:
Seminars in Cell Biology (ranked 73)
No rank Zeitschrift uer Tierpsychologie (1) See:  Ethology
(Berlin, Germany) (ranked 73)
